ABSTRACT. Regional fruit have been increasingly used in recent years in the preparation of foodstuffs because besides promoting the biome preservation, it is obtained differentiated and value-added products. This study aimed to prepare cereal bars containing pulp and kernel of bocaiuva and determine the nutritional quality, assess the acceptability, and microbiological quality. Two formulations of cereal bar were prepared with pulp dehydrated by osmoconvection and kernel of bocaiuva. The formulations were analyzed as for the texture, color analysis, proximate composition, fatty acids profile, mineral, microbiology and sensory evaluation. Cereal bars presented on average, in g 100 g total caloric value. Bars represented a source of calcium and iron and had a high content of oleic acid, average of 20 g 100 g -1 total lipids. In the microbiological evaluation, cereal bars have met the standards set by the legislation, being suitable for consumption. As for the attributes evaluated in the sensory analysis, all showed mean values above 6, considered acceptable for consumption. The use of bocaiuva may contribute to highlight differentiated taste and appearance, emphasizing the use of native fruits in the preparation of new products.
Introduction
The bocaiuva (Acrocomia aculeata (Jacq.) Lodd) is a fruit of the Cerrado with potential for technological exploitation. It is marketed especially fresh in local markets. The fruit is also known as macaúba and belongs to the family Arecaceae, and found in almost all Brazil, and predominates in open areas in the State of Mato Grosso do Sul (AQUINO et al., 2008) . The pulp and the kernel of fruit present a high amount of protein, lipid, fiber and minerals (HIANE et al., 2006; SILVA et al., 2008) . In addition to the possibility of exploitation for fresh consumption, the bocaiuva can be exploited by the agroindustry in the preparation of several products.
The use of regional fruit with the possibility of preserving species native of the Cerrado biome, justifies the investigation of its use as ingredient in new foodstuffs, once it adds value to the fruit and to the product, contributes with the valuation of local eating Acta Scientiarum. Technology Maringá, v. 36, n. 3, p. 553-560, July-Sept., 2014
habits, providing alternative nutritional products with characteristic flavor. Thus the use of pulp and kernel of bocaiuva in products with high acceptance, such as cereal bars, becomes attractive. These products provide consumer convenience, meet part of daily nutritional requirements of individuals and contribute with health benefits given the high content of dietary fibers MORETTI, 2006) . Cereal bars are products obtained from the compression of cereals, containing dried fruits, nuts, flavorings and binder ingredients. Ingredients usually contained in cereal bars are mixtures of cereals, dried fruit, and nuts, corn syrup, honey, sugar, or lecithin and flavorings. Among cereals, oats (Avena sativa L.) is the most widely used to prepare cereal bars due to its high content and quality of protein, predominance of unsaturated fatty acids and composition of dietary fiber (KARAM et al., 2001) .
Considering the consumption of cereal bars has gained importance in recent years, as well as the interest of consumers for functional foods (BOWER; WHITTEN, 2000) , this study aimed to prepare cereal bars containing pulp and kernel of bocaiuva, to determine the nutritional quality and the profile of fatty acids, and to evaluate the acceptability.
Material and methods

Material
Fruit of bocaiuva were collected at the Farm Estância Primavera (22° 27' 32.69'' S latitude and 54° 25' 42.24'' W Gr longitude) on the Line of Potreirito, municipality of Vicentina, Mato Grosso do Sul State, from October to December 2009.
For the preparation of cereal bars and syrup from osmotic dehydration the commercial ingredients were purchased in the local markets of the city of Campo Grande, Mato Grosso do Sul State. It was used regular oat flakes and bran (Natubom 
Fruit preparation
Fruit were washed, sanitized by immersion in a solution 0.66% dichloro s-triazinatriona sodium dihydrate (Sumaveg ® ) for 10 minute. Later fruit were peeled and pulped by hand using a stainless knife and teguments were broken using a vise, to remove the kernels.
Fruit pulps were osmotically dehydrated in 60% sucrose solution at 40°C for 2h. The proportion of fruit/solution was 1:5 (SANJINEZ-ARGANDOÑA et al., 2005) . Afterwards, the pulp osmotically dehydrated and kernels were dried in a tray drier with air flow at 0.5 m s -1 at 70°C for 2h.
Preparation of cereal bars
Two formulations of cereal bar containing bocaiuva were prepared, according to the Table 1. In the formulation B, besides the glucose syrup, sucrose solution was also added, used in osmotic dehydration of bocaiuva pulp in order to demonstrate the flavor of the fruit. Oats flakes and bran were mixed and heated. Afterwards, soy lecithin, pulp and kernel of bocaiuva, corn glucose and brown sugar were added, cooked in dry heat (90°C) for 5 min. until obtaining a homogeneous mass. The mass was placed into aluminum baking dish lined with plastic wrap. The hot mass was slightly pressed with polyethylene spatula to 1.0 cm thickness, with further cut to 3.0 cm wide.
Physical analysis
Physical analyses performed in the cereal bars were texture analysis, using a texturometer (TA.HDi, Stable Micro Systems), through the compressive strength test. The test speed was 5.0 mm s -1 and the post-test speed was 10 mm s -1 , with 80 % compression of the original size of the mass, using a probe HDP/BSK Blade set with knife. The tests were performed at 25°C and the parameter evaluated was the stiffness.
The color was evaluated by instrumental method at five points of each sample using a digital colorimeter CR 400/410 (Konica Minolta), with determination of the values L* (brightness), a* (variation from green to red) and b* (variation from blue to yellow). With the values of a* and b*, it was calculated the tone angle = (ºh = tan-1(b* a -1 *)), which defines the color tone and the color saturation or chromaticity (DC = (a* ).
Nutritional analysis
The proximate composition of samples was performed according to Instituto Adolfo Lutz (BRASIL, 2005a) . The moisture of the samples was determined by oven-drying at 105°C, and the ash, by incineration in muffle furnace at 550°C. The protein content was quantified by micro-Kjeldahl method, WATT, 1973) .
For the analysis on the composition of fatty acids, the oil of cereal bars of bocaiuva was cold extracted according to Blingh and Dyer (1959) , in which the oil is extracted by a mixture of three solvents (chloroformethanol-water). The total lipid fraction was subjected to saponification with 0.5 N KOH in anhydrous ethanol, followed by esterification with mixture of H 2 SO 4 and NH 4 Cl in methanol and transferred to hexane, according to the method of Hartman and Lago (1973) modified by Maia and Rodriguez-Amaya (1993) . The analysis of fatty acid methyl esters was performed in Shimadzu GC-2010 chromatograph, with AOC-5000 automatic injector and flame ionization detector (FID). The column used was Restek Stabilwax of fused silica and stationary phase of polyethylene glycol with 30 m long, 0.25 mm internal diameter and 0.25 μm film. Temperatures of the injector and detector were kept at 250°C. The initial temperature of the oven was 80°C for 3 min., and then heating to 140°C at a rate of 10°C min.
-1 and then to 240°C at a rate of 5°C min.
-1 , the final temperature was kept for 11 min. The injected volume was 1.0 μL in Split mode at a ratio of 1:50. The carrier gas used was helium at a linear velocity of 30.0 cm s -1 . The identification of peaks was made based on the retention time and on the comparison with standard fatty acid methyl esters, the quantification using the correction factors according to the Norm Ce 1e-91 of AOCS.
The content of minerals was determined by means of acid digestion in concentrated nitric acid according to Salinas and Garcia (1985) . The content of calcium, iron and manganese was determined in atomic absorption spectrophotometer with acetylene, at wave length and split of 22.7 nm and 0.7 mm; 248.3 nm and 0.2 mm; 279.5 nm and 0.2 mm, respectively. The content of phosphorus was determined in visible light spectrophotometer at the wavelength of 420 nm.
Microbiological analysis
Microbiological analysis consisted of detecting Bacillus cereus, Salmonella sp. and coliforms at 45°C, stipulated by the Resolution RDC no. 12, from January 2 nd , 2001 (BRASIL, 2001) for flour, pasta, bakery products (processed and packaged) and similar, in bars or others forms, with or without addition.
The method used was from American Public Health Association, described at the Compendium of Methods for the Microbiological Examination of Foods (VANDERZANT; SPLITTSTOESSER, 1992).
Sensory analysis
Acceptance tests were performed in the Department of Food Technology of the Federal University of Mato Grosso do Sul. Samples were supplied individually in plastic cups coded along with the evaluation form, it was also provided water and requested the participants to drink after each tasting. The acceptance was evaluated through a 9 point hedonic scale ranging from 1 (dislike extremely) to 9 (like extremely). The attributes evaluated were appearance, color, aroma, texture, flavor, fruit flavor, sweetness, and overall quality. Each evaluator should also indicate the purchase intent for the samples in a five point scale ranging from 'definitely would buy' to 'definitely would not buy' and which frequency of consumption of the product (DUTCOSKY, 2011). Acceptable cereal bars were those with a grade equal to or higher than six points (like slightly).
For the sensory analysis, have participated 60 untrained evaluators of both sexes, students and staff of the UFMS, aged between 18 and 60 years. The project was approved by the Research Ethics Committee of the Federal University of Mato Grosso do Sul, under the protocol number 1808 and all participants have signed the Consent Form.
Statistical analysis
Physical, nutritional and sensory analysis were subjected to an analysis of variance (ANOVA) and a test of difference between means (Tukey's test, p < 0.05) using the software Statistica 8.0.
Results and discussion
The texturometer mimics the human chewing and determines the tenderness of the food, an important sensory attribute . In this analysis, we observed a variation between the forces exerted by the texturometer to break the cereal bar, which was expected given the diversity of structures in the formulations (oat, oat bran, pulp and kernel of bocaiuva) and combinations among them. Cereal bars have a heterogeneous structure, considering the shape and size of ingredients, as well as variations in thickness along their length (FREITAS; MORETTI, 2006 The force applied to break the cereal bar of the Formulation A was 161.54 N, and for the Formulation B was 117.48 N, thus this latter formulation was softer. High values of hardness of cereal bars are not always associated with the low sensory acceptance of the product. In general, products prepared with high fiber content result in products more dense and hard, which does not imply in lower acceptance of the product (FREITAS; MORETTI, 2006) .
The color is an essential attribute in evaluating the quality of a food, once the visual appreciation is the first sense to be used in the choice and acceptance of the product. In the instrumental evaluation, the color is numerically specified in a spherical three-dimensional space, defined by three axes: L*, from black (0) to white (100); a*, from green (-a) to red (+a), and b*, from blue (-b) to yellow (+b), (McGUIRE, 1992) . In the Table 2 are listed the parameters of the color analysis of the cereal bars. The values evidenced that using the syrup from osmotic dehydration led to a bleaching of cereal bars (increase in the parameter L). According to Sato et al. (2004) , the increase in L* can be influenced by sugars in the syrup, which added to the fruit confer greater brightness, detected by the equipment as a greater clarity. Samples analyzed presented a predominance of the color yellow b*, probably from the bocaiuva pulp, which is yellowish, besides the syrup from osmotic dehydration added to the Formulation B, consisting the sample with the highest value of the parameter b*. Besides that, high moisture reduces the crispness, characteristic of cereal bars. In relation to cereal bars, the crispness indicates freshness and quality of the product, and its loss characterized by softening is one of the causes for rejection by consumers (ESCOBAR et al., 1998; SLADE; LEVINE, 1991; TAKEUCHI et al., 2005) .
Comparing with other studies, the moisture content of bocaiuva cereal bars was lower than found by Escobar et al. (1998) who prepared peanut cereal bars and verified values from 7.64 to 10.02%, and also the content observed by Guimarães and Silva (2009) for cereal bars containing murici-pass (9.39 -11.63%).
The content of protein and lipids can be explained by the high content of these nutrients in the pulp and kernel of bocaiuva (HIANE et al., 2006; SILVA et al., 2008) . Cereal bars of bocaiuva correspond to approximately 22 and 25% (formulation A and B, respectively) of the recommended daily intake (RDI) of total fats for adults (BRASIL, 1998) .
Similarly, Guimarães and Silva (2009) registered a protein content between 6.93 and 7.49% for cereal bars with murici-pass, however Gutkoski et al. (2007) observed values ranging from 9.79 to 12.37% for oat based cereal bars with high content of dietary fiber.
The ash content was similar to found in literature for cereal bars, whose values in 100 g were 1.13 (BRITO et al., 2004); 1.40 -1.61 (DUTCOSKY et al., 2006) ; 1.15 to 1.38 (GUIMARÃES; SILVA, 2009). According to Cecchi (2003) , the total ash content in cereals can vary from 0.3 to 3.3 g 100 g -1 , being related with the content of minerals in the food.
The carbohydrate content in the cereal bars ranged from 53 and 55 g 100 g -1 , representing the nutrient at highest concentration due to the high percentage of cereal used. Importantly, the high cereal concentration followed by corn glucose and sucrose syrup were the major contributors for the energy value of the bars. bocaiuva cereal bars is due to the high content in the pulp and kernel of this fruit, in oat flakes and bran. In this study, the formulation A had a total dietary fiber of 20.77% formed by insoluble and soluble fiber of 19.49% and 1.28%, respectively. The formulation B presented 18.79%, 17.52% and 1.27%, for dietary fiber, insoluble and soluble fiber, respectively. The fiber content in cereal bars can be also increased by using prebiotics, as analyzed by Dutcosky et al. (2006) , in studies of sensory optimization combined for texture and flavor reached 22.65% dietary fiber when used 8.50% inulin, 66.20% oligofrutosaccharide and 25.40% acacia gum in the formulation of cereal bars. Dietary fibers consist of any edible material of plant source not hydrolyzed by endogenous enzymes of the human digestive tract, such as lignin, structural and non-structural polysaccharides. As soluble fibers it can be mentioned pectin, gum, mucilage, alginate, and as insoluble fibers, lignin, cellulose and most of hemicellulose (CÂNDIDO, CAMPOS, 1995; LAJOLO et al., 2001 ). The Brazilian legislation includes the dietary fiber into the composition of nutritional information and recommends a fiber intake of 25 g day -1 (BRASIL, 2003) . Physical, chemical, nutritional and physiological properties attributed to fibers were studied by several researchers (BELL; GOODRICK, 2002; BESSESEN, 2001; BROWN et al., 1999; GIACCO et al., 2000) which have proved several roles in the digestion and absorption of foods and their nutrients, beneficial effects in preventing or treating some diseases, such as diabetes, obesity, diverticulitis, colon cancer, and reduction in cholesterol levels.
In the Table 4 The Table 5 shows the fatty acid profile of the two formulations of cereal bars with pulp and kernel of bocaiuva. Saturated fatty acids presented about 70% composition of cereal bars, with greater concentration for lauric acid in the formulation A, and myristic acid in the formulation B. Bars presented a significant amount of oleic acid (22.95 and 16.95%, formulation A and B, respectively) mainly due to the levels of this fatty acid in the pulp and almond bocaiuva, 65.87 and 40.17% respectively (HIANE et al., 2005) . Monounsaturated fatty acids, such as oleic, are important in the cell membrane structure, especially the myelin of nervous system (NRC, 2005) .
The formulation A presented 5.16 % and the formulation B 3.45 % linoleic acid. This fatty acid represents the ω-6 family and is essential in the diet, its lack results in adverse clinical symptoms, such as scaly rash and reduced growth. It is precursor of arachidonic acid, component of lipid membrane structure (NRC, 2005) .
The main differences between the two formulations can be explained by the interaction between the solid ingredients and binders. As the ligands vary between formulations, the interaction between them is not the same. In turn, syrup osmotic dehydration may contain the presence of fatty acids in pulp bocaiuva and use the syrup in the preparation of the cereal bar influences the fatty acid profile of the same.
There was a small percentage of unidentified fatty acids for both formulations; this is due to the pattern used that does not identify fatty acid chains with less than 6 carbons.
The content of minerals in cereal bars prepared with pulp and kernel of bocaiuva are found in the Table 6. A food is considered with high content of minerals when has at least 30% of recommended daily intake Acta Scientiarum. Technology Maringá, v. 36, n. 3, p. 553-560, July-Sept., 2014 (RDI) referring to 100 g of solid food, and as a source when has at least 15% (BRASIL, 1998) . Thus cereal bars prepared with pulp and kernel of bocaiuva are sources of calcium and iron, and responsible for over than 10% of RDI of phosphorus and for about 8% RDI of manganese. The products prepared with regional fruit like bocaiuva can contribute with considerable proportions to the recommended dietary intake, representing alternative sources of nutrients. The scores assigned by evaluators to the formulations of cereal bars as for sensory preference are shown in the Table 7. All had averages above 6, considered acceptable for consumption (LIMA et al., 2010) . The cereal bar of the formulation B with syrup from osmotic dehydration presented higher averages for all attributes, the most preferred by evaluators. This is due to the enhanced flavor of bocaiuva pulp in this formulation, which was observed by several evaluators in the evaluation form. Consumers have the taste as the major reason for purchasing cereal bars (BARBOSA; COELHO, 2008) . The sensory attributes of aroma, fruit flavor, and appearance were also mentioned as important to influence the purchase intent of consumers.
The evaluators given best color note for formulation B, which agrees with the instrumental analysis indicated that the same sample with lighter colors, tending to yellow. The same way, with respect to texture, panelists preferred formulation B and analysis with a texturometer the sample was softer.
Guimarães and Silva (2009) performed an acceptance and appearance test with murici-pass cereal bars and achieved scores between 5.47 and 7.12 for acceptance and between 6.26 and 7.34 for the overall appearance. Products with regional flavors are well accepted in products commonly consumed by the population.
The intake frequency reported by 60% evaluators indicated the consumption of cereal bars three times a week. The purchase intent of the bocaiuva cereal bar was 65% for 'probably would buy', pointing out the marketing potential of bars with native fruit. Costa et al. (2005) presented 78% purchase intent for bars prepared with cassava residue.
Conclusion
The chemical composition of cereal bars prepared with pulp and kernel of bocaiuva presented high content of carbohydrates, lipids, proteins and fibers.
Cereal bars formulated with syrup osmotic dehydration showed lighter in color and softer texture.
The two formulations of cereal bars were accepted, allowing the introduction of the pulp and kernel of pulp in the preparation of cereal bars, providing distinct flavor and appearance with the use of regional fruit.
Cereal bars with pulp and kernel of bocaiuva have met the microbiological standards set by the Resolution RDC no. 12/01 (BRASIL, 2001), being suitable for consumption.
Fatty acids profiles of cereal bars showed a greater amount of saturated fatty acids, mainly lauric and myristic acids. Among unsaturated fatty acids, the oleic acid presented the highest percentage.
The developed products have presented pleasing sensory attributes, with greater acceptance the cereal bar prepared with syrup from osmotic dehydration, evidencing the flavor of the pulp fruit.
